The aim of the study was to assess the level of anxiety and depressiveness in patients who had qualified for hyperbaric oxygen therapy (HBOT) for the treatment of ulcerative lesions in the lower limbs, occurring as a result of diabetic foot syndrome (DFS),. A total of 50 patients with type 2 diabetes and diabetic foot syndrome were enrolled to the study. All patients have received 30 sessions of HBOT. During the therapy blood glucose was measured and photographic documentation was carried out. All patients underwent the following procedures: medical history and socioeconomic interview, psychiatric examination, self-report and objective psychometric tests to measure anxiety and depressiveness. Based on the obtained results, we reported that patients with a greater degree of tissue damage had higher levels of depressive symptoms in the self-report tests as well as in the objective evaluation of the investigator. In terms of location of ulcerative lesions -the level of depressiveness was greater when the affected area included toes, and the level of anxiety was increased when it concerned the heel. Regarding other parameters, statistically significant correlations were not observed.
INTRODUCTION
Hyperbaric oxygen therapy (HBOT) is a still underestimated, advanced therapy that gives excellent results in a number of medical cases. Its application is multi-dimensional and the effects, for example in the case of difficult to heal wounds, are visible already at an early stage of treatment [1, 2] . The effectiveness of HBOT is described inter alia in the treatment of stroke, rheumatism, Lyme disease, and diabetic foot syndrome (DFS), which is the subject of our study [3, 4] . In the World Health Survey, a study conducted by the World Health Organization in 60 countries worldwide, it was found that depressive disorders coexisting with somatic diseases (e.g. diabetes, chronic obstructive pulmonary disease, asthma), significantly worsen the general somatic state through exacerbating the negative effects of the underlying disease [5] .
Anxiety and depression are the subjects of many studies conducted among patients with chronic diseases, including diabetes [6] . On one hand, having diabetes creates many challenges for the patients due to the need of lifestyle change and the fear of complications and pain, which can lead to anxiety or depressiveness [8] . On the other hand, many researchers point to the relationship between emotional disturbances and difficulties in wound healing, which can lead to a vicious circle mechanism. Thus, hyperbaric oxygen not only speeds up the healing of ulcerative lesions resulting from complications of diabetes, but through visible results gives patients hope, which indirectly decrease the level of anxiety and depressiveness [3, 4] .
The aim of this study was to answer the following research questions: is there a relationship between the duration of diabetes and of diabetic foot syndrome and the severity of depressive and anxiety disorders in diabetic patients? Does the location and extent of tissue damage impact the level of depressive and anxiety symptoms in the study group? and whether increased levels of HbA1c correlate with the presence of depressive-anxiety symptoms?
MATERIALS AND METHODS
The study included 50 patients diagnosed with diabetic foot syndrome (DFS), 9 women (18%) and 41 men (82%) aged from 28 to 80 years old, treated at the Center for Burns Treatment in Siemianowice Slaskie from 2012 to 2014 [ The patients qualified for HBOT based on the results of percutaneous oximetry of the infected areas. Blood glucose was measured before and after the session, and HbA1c levels were determined before the first session.
The examinations were performed twice: the first time being on day one of the therapy (before entering to the hyperbaric chamber), and for the second time after the last session of HBOT. Affected areas were documented photographically before the first session and after the whole treatment cycle. All patients underwent a series of 30 therapy sessions with 100 percent oxygen at a pressure of 2.4 ATA, 90 minutes each, five times a week.
The study was based on patients' medical history, psychiatric examination, analysis of medical records, as well as the standardized clinical scales filled out by the physician: the Megitt-Wagner Scale, Hamilton Depression Rating Scale (HDRS), Mini-Mental State Examination (MMSE) and the questionnaire (initial and final) designed specifically for purposes of the research and patient self-report scales: Hospital Anxiety Depression Scale (HADS), Beck Hopelessness Scale (BHS) and the Patient Health Questionnaire 9 (PHQ-9). Patients were provided with complete anonymity and full confidentiality when performing the tests.
The following inclusion criteria were adopted: • type 2 diabetes according to the ICD-10 criteria (category E 11) • fulfillment of the criteria for diabetic foot syndrome,
• degree of tissue damage in the range of I to IV according to the Megitt-Wagner Scale, • qualification for hyperbaric oxygen therapy, • expressed conscious and voluntary consent to participate in the study, • age -between 18 and 80 years old • maintained emotional and intellectual contact
The exclusion criteria were as follows:
• lack of or withdrawal of written consent to participate in the research, • not meeting the inclusion criteria, • taking medication affecting significantly at least one of the studied parameters, • cognitive impairment and / or known mental disorders that disturbs performing the examination, • presence of serious physical or neurological disorders not related to diabetes that can significantly affect the mental state of participants, • psychoactive substances dependence.
Research tools:
The Megitt-Wagner Scale -the classification of ulcers in diabetic foot created by Megitt and Wagner. It is based on an assessment of the wound depth and the extent of necrosis. The scale includes 6 degrees, where 0 indicates intact skin and 5 -necrosis of the entire foot [9, 10] .
Patient Health Questionnaire 9 (PHQ-9) is a questionnaire consisting of nine fundamental questions and one additional question. The answer to each question is scored on a scale from 0 (never) to 3 (almost every day). The maximum number of points possible to gain is 27 and indicates the greatest severity of depression [11] .
The Hospital Anxiety and Depression Scale (HADS) is an example of a self-assessment scale. It is used for screening of anxiety and depression features in hospitalized patients and outpatients. It contains 14 questions. The answers are evaluated by a 4-point Likert scale (range 0-3). In both subscales: anxiety (odd numbers) and depression (even numbers) results are summed up and their value is directly proportional to the severity of symptoms [12, 13] .
The Beck Hopelessness Scale (BHS) is a selfreport tool for the assessment of patients' negative attitudes' towards the future, pessimism, hopelessness and loss of motivation. It consists of 20 statements, half of which describes the future as optimistic and half as pessimistic. The total score indicates a degree of hopelessness [14] .
The Mini-Mental State Examination (MMSE) is a simple screening tool. Obtaining a score below the cut-off points to the need for further diagnostic tests to confirm or exclude dementia [15] .
Hamilton Depression Rating Scale (HDRS)
is a research tool used to objectively measure the severity of depressive symptoms. The scale used in the study consists of 21 questions to which the investigator answers based on an interview and examination conducted with the patient; assessment pertains to the current clinical state [16] .
Questionnaire (preliminary and final) designed specifically for this research purposes. It includes questions on basic socio-demographic data (i.e. gender, age, education, occupation, marital status, place of residence), and data pertaining to the course and the beginning of diabetes and diabetic foot syndrome (i.e. treatment, severity and location of lesions). Patients also answered questions on their current emotional difficulties in view of the existing disease, the need and feasibility of obtaining support and whether they'd had contact with a psychiatrist either in the present or in the past (if so -whether or not psychopharmacotherapy was introduced).
Statistical analysis was performed using Statistica software version 10. In the case of quantitative variables, the normality of the distribution was tested by the Shapiro-Wilk test. If the variable was not subject to the normal distribution, the Mann-Whitney U test was used to assess the statistical significance of the variables' differences. When the distribution was normal, Student's t-test was used. In the case of qualitative variables, we used the chi2 test or Fisher's exact test, depending on the size of the group. Also, logistic regression analysis was performed. The level of statistical significance was p <0.05.
RESULTS
To answer the research questions, we investigated the correlation between the level of depressive and anxiety symptoms in patients with diabetes treated with hyperbaric oxygen, and the following variables.:
1. Duration of diabetes -no correlation was reported.
2. Duration of diabetic foot syndrome -no correlation was reported (tab.2). 3. The degree of tissue damage -there are two correlates of the degree of tissue damage -to the PHQ-9, and Hamilton test. In both cases it was a directly proportional relationship -the greater the lesion, the higher the level of depressiveness. In both cases, the correlation was low, with a clear dependence between variables (tab.3).
Tab. 3.
Correlation between the extent of ulcerative lesions and psychometric tests. To evaluate how independent variables explain the occurrence of depressive symptoms, two linear regression models were built -for PHQ-9 and for Hamilton. In both models, the degree of tissue damage turned out to be a statistically significant predictor of depressiveness levels measured with questionnaires. It the next step, the assumptions for the regression model were checked, in particular -the normality of the distribution of the regression residuals and the value of the Durbin-Watson statistics. In the studied models, there was no normal distribution of regression residuals. These models are therefore only partially matched, and it is necessary to take into account other predictors of depressiveness.
The location of ulcerative lesions:
• Toes II-V of the right foot and psychological tests -higher levels of depression (BHS and Hamilton) in patients with lesions within the aforementioned area.
• Toe I of the right foot and psychological testshigher levels of depression (PHQ-9) in patients with lesions within the aforementioned area.
• Toes II-V of the left foot and psychological testshigher levels of depression (BHS and Hamilton) in patients with lesions within the aforementioned area • Toe I of the left foot, right and left metatarsal area and the right heel and psychological testsno significant differences were reported. 
DISCUSSION
Chronic illness is a prolonged or recurrent condition. It may be asymptomatic for many years, and symptoms can appear gradually. In the case of diabetes, the factors that play the most important role are the time of diagnosis and patient's compliance to recommendations on prevention, including diet and healthiness of lifestyle.
The effectiveness of therapy of chronic diseases largely depends on the age, circumstances and the general condition of the patient, but not only. An increasing number of research studies point to the impact of mental state on the wound healing process (for example in the course of DFS) [17, 18] .
We also reported a relationship between depressiveness as measured with self-assessment and objective tools, and the severity of ulcerative lesions related to diabetic foot syndrome. It was a directly proportional relationship -subjects who had greater degrees of tissue damage (according to the MegittWagner Scale) declared a higher level of depressive symptoms in the Patient Recovery Questionnaire, and received more points in the objective assessment of the investigator (Hamilton Depression Scale).
With regards to the location of ulcerative lesions, we observed a positive correlation between the subjective and objective level of depressiveness and lesions located in the toes II-V of both feet and the right toe I. Respondents whose affected areas included the heel, scored higher in self-assessment tests of anxiety.
During the interviews carried out during the tests, patients repeatedly stressed the symbolic importance of toes, they claimed to be "not that sick, because I still have toes" and presented anxiety symptoms associated with their loss. Low mood and sadness was visible in most patients with ulcers located in the metatarsal area -"because it means, you know, that it is getting worse."
There was no significant relationship between HbA1c and the severity of depressive/anxiety symptoms. The lack of correlation may be the result of using too small a study group, which will be taken into account during future research. In the published studies on similar subject, the high level of satisfaction with treatment was correlated with low levels of HbA1c and normal weight [19] .
Other authors have also observed the relationship between gender, glycemic control (HbA1c), and the prevalence of depressiveness and anxiety [20] .
CONCLUSIONS
The present study provides a holistic view on patients treated in a hyperbaric chamber due to a somatic illness and assess the impact of emotions on the process of therapy.
We hope that it will provoke a discussion on attempts to apply HBOT to the treatment of psychiatric disorders, i.e. depression. Literature on this subject is scarce and found so far only in the English language [21, 22] .
